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7 (%11) kill (all);
7(%00) done
7(%il) cross(a,b) := [a[2]*b[3] - al3] b[Z],
al3]*b[1] - all]l*b[3],
| all]l*b[2] - al2]*b[1]];
(%Ol) cross(a,b):=[a2b3—a3b2, a3b1—a1b3, a1b2—a2b1]
7(%i2) curl(a) := [diff(al3],y) - diff(al2],2z),
diff(al[l],z) - diff(al3],x),
diff(af2],x) - diff(all]l,y)];
. . d d d d d d
7(602) curl(a).—[(jy as-— 12 as, 4, a1_<jx a3,;;;'a2—z;; ai |
?(%i3) grad (psi) := [diff (psi,x), diff(psi,y), diff(psi,z)];
d d d
% v):= v, v, '4
7( 03) grad(¥):= T 4y <. ]
L] . .
1 Equation set of 7 equations
?(%i4) depends ([omega_0, omega_x, omega_y,omega_z,Q0 x,Q0_vy,Q0 z,Phi], [x,y,z,t]
(%04) [wo(x Vi Z, t) wx(x vV, Z, t) y(x vV z,t),wz(x,yq z,t),
QX(X Vi, Z, t) 0 (X vV, Z, t) 0 (x Vi, 2z, t) @(X,yn Z,t)]

7(%i6) omega: [omega_x, omega_y, omega_z];
Q: [0x, Oy, Q_z];

) (Wi, Wy, wy]

) [Qxl le Qz]

- 1.1 Eq. (15)

7(%i7) E15: diff (cross(omega,Q),t) = —-omega_0O*curl (Q)-cross (grad(omega_0),C
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d d d d d d
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1.2 3 Egs. from Eq. (15)



380 (4) .wxm 2 /5

7(%i10) El5a: first(lhs(E15))=first (rhs(E15));
El15b: second(lhs (E15))=second(rhs (E15));
E15c: third(lhs (E15))=third(rhs(E15));

d d d d d
(o8l Ty (dt “’z)‘(dt Qy) wat O (dt “’y)*(dt Qz) “r=0 (dz ‘*’0)
d d d
Q2 (dy WO)‘(Y 2T, )

t
d d d
“Op [ owo ) ooy 0k ) wo
B y(dX )(dxydy X)

- 1.3 Egs. (19-22)

7(%113) E19: diff(Q_z,y) - omega_y*Q z = —(diff(Q_y,z) - omega_z*Q V);
E20: diff(Q_x,z) - omega_z*Q_x = —(diff(Q_z,x) - omega_x*Q_z);
E21: diff(Q_y,x) - omega_x*Q vy = —(diff(Q_x,y) - omega_y*Q_ x);
5 d d
(/oOll) @ QZ_QZwy:Qwa_E Qy
d
(5012) E QX_QXwZ:QZwX_a Qy
5 d a d
(%013) dx Qy—Qwa—Qwa—E Oy
L

1.4 Eq. (23)

7(%i14) E23: Q _x*(diff (omega_z,y)-diff (omega_y,z))+0_y*(diff (omega_x,z)-diff
+Q_z* (diff (omega_y, x)-diff (omega_x,vy))
= omega_x*(diff(Q_z,y)-diff(Q_vy,z))+tomega_y* (diff(Q_x,z)-diff(Q_z,x)
+omega_z* (diff (Q_y,x)-diff (Q_x,vy));

X dy 2 qz 7Y Y dz * dx ?° Z dx ¥ dy X
d d d d d d
(dx Y4y Qx) “’z*(dz %" ax Qz) “’y*(dy %274, Qy) “x
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7(%i15) feval (Q_x,0Q0_vy,Q_z,omega_x,omega_y,omega_z,omega_0) := (
print ("E1l5a: ", Rl: ev(Elba,diff)),
print ("E15b: ", R2: ev(Elb5b,diff)),
print ("E15c: ", ev(Elbc,diff)),
print ("E19: ", ev(E19,diff)),
print ("E20: ", ev(E20,diff)),
print ("E21: ", ev(E21,diff)),
print ("E23: ", ev(E23,diff)), ""
| )i
(%015) feval QX,Qy,QZ,wX,wy,wZ,wO =
print(El5a: ,R1:ev(El5a, diff)), print(El5b: , R2:ev(E15b, diff)),
print(E15c: ,eV(El5c,diff)),print(El9: ,ev(ElQ,diff)),
print(E20: ,ev(E20, diff)), print(E2l : ,ev(E21, diff)),
print(E23: , ev(E23, diff)), )
L] .
2 Special cases
[
2.1 Q
?(9 16) kill (omega_0,omega_x,omega_y,omega_z,Q_x,0_v,0_z,Phi,Q_0);
7(0 16 done
?(%117) depends ([omega_0], [t], [omega_x,omega_y,omega_z,Q_x,Q0_v,Q_z,Phi],
(5017) [wo(t), wx(x, Y Z), wy(x, Y Z), wz(x, Y Z), QX(X, Y Z), Qy(x, Y Z),
QZ(x,yq Z),Phi(x,yq Z)]
" (%120) QO _x: Q O*sin(%beta*t- (k_x*x+k_y*y+k_z*z));
Q_y: 0;
| QO z: 0;
(3018) —Qosin(kz z4+k, y+k,x-f t)
(%$019) 0
| (%020) 0
?(%121) feval (Q_x,0Q_v,Q_z,omega_x,omega_y,omega_z,omega_0) ;
Elba: 0=0
E15b: B 0yw, cos(kz z+k, y+k,x-p t):QO k, wgy cos(kz z+k, y+k,x-p t)
El5c: -8 0wy cos(kz ztk, y+k,x-p t):—QO k, wg cos(kz z+k, y+k,x-p t)
E19: 0=0
E20: Qpw, sin(kz z4+ky, y+k,x-Bt)-0g k, cos(kz ztk, yt+kyx-f t):O
E21: 0=0qk, cos(kz z+k, y+k,x-p t)—QO Wy, sin(kz z4+k, y+k,x-0 t)
d d , B
E23: —QO diy WZ—E wy Sll’l(kz z—l—kyy—i—kxx—,@ t)—QO kywz
cos(kZz+kyjh+kxx—ﬂt)—QOkzwycos(kzz+kyjﬁ+kxx—ﬂt)
(%021)

[x,
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(%$122) ratsimp (R2/Q_0/cos (k_z*z+k_y*y+k_x*x—-%beta*t));
($022) PBwy=k,wy

2.2 omega=const.

7 (%123) kill (omega_0,omega_x,omega_y,omega_z,Q _x,0 v,Q_z,Phi,Q _0);
| (%023) done
7 (%124) depends ([omega_0], [t], [omega_x, omega_y,omega_z,Q0_x,Q_vy,Q0 z,Phil],
(%024) [wo(t),wx(x,y, z, t),wy(x,y, z, t),wz(x, Vi Z, t), QX(x,y, z, t),
Qy(x,y, z, t), QZ(X, Vi Z, t), Phi(x, Vi Z, t)]
7(%i27) omega_x: 0;
omega_y: 0;
omega_z: kappa;
| (%025) 0
(%026) 0
(%027) K
4 (%128) feval (Q_x,0Q0_v,Q_z,omega_x,omega_y,omega_z,omega_0) ;
| d d d
Elba: _(dt Qy) I‘L:—(dy QZ_E Qy) wo
d d d
E15b: qc QX) H:_(dz Qx—a Qz) )
d d
Elb5c: O:—(dX Qy—@ QX) wo
d d
E19: iy 0;=0y k= Oy
d d
B20:  —— Ox=Oxk=- 0,
d d
E21 a Qy:_@ Oy
d d
EZ23 :<dx Qy_d QX)H
B (%$028)

- 2.3 Additionally: Q x = Q_y = £(t) only

7(%i31) Q_x: g*sin (%beta*t);
Q_y: g*cos (%Sbeta*t);
| Q_z: a(t)*x+b(t) *vy;
(%5029) qsin(,@ t)
(%030) qcos(ﬂ t)
| (3031)  b(t)y+a(t)=x

[,
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7 (%132)
 Elb5a:
El15b:
Elbc:
E19:
E20:
E21:
E23:

feval (Q_x,0_vy,Q_z,omega_x,omega_y,omega_z,omega_0) ;
Bk g sin(ﬂ t):—wo b(t)
Bk qg cos(ﬂ t):wo a(t)
0=0
b(t):n<qcos(ﬂt)
—ncgsin(ﬂt»::—a(t)
0=0
0=0

Omega: curl ([O_x, Q_v, O_z])-cross([0,0, kappa] , [O_x%, Q_v, O _z]);
[n<qcoso3t)+b(t),—ﬁ<qsin(ﬂt)—a(t),0]

ev (Omega, [a(t)=kappa*g*cos ($beta*t), b (t)=-kappa*g*sin (Sbeta*t)]);
[mcgcos(ﬂt)—n<gsin(ﬂt),—n<qsin(ﬂt)—n<qcos(ﬂt),O]

Omega: (-sgrt(2)*kappa*g*[sin (%$beta*t-%pi/4), sin(%beta*t+%pi/4), 0]

. ™ . ™
[—\/Enqsul(ﬂt—4),—\/§nq31n(ﬂt+4),0]



